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that of regression analysis.'® Due to this high degree of variation in
the published literature, the degree of influence of methodological
approach on estimates remains unclear.

In recent years, there has been an increase in analyses that use
models that make it possible to adjust for endogenous variables and
confounding factors in linear regression models.>'%'% In a comparison
of matched comparison analysis, linear regression analysis and
Heckman's two-stage model, it was found that whereas the difference
was not statistically significant, Heckman’'s two-stage model
produced lower COHAI estimates than both of the other methods.'
The lack of statistical significance supported the conclusion that
matching and linear regression analyses could be used as valid
methodologies. Graves has stated with regard to instrumental vari-
able models that ‘the conventional wisdom has been that the endo-
geneity between length of stay and lower respiratory tract infection
should bias the traditional estimates upwards, not downwards'’."?

A major issue in the matched comparisons approach is the trade-
off required in the quality of matching: if matching is conducted with
the utmost stringency, the exclusion of unused cases and controls
can lead to selection bias. However, reducing the stringency for
matching criteria may increase the number of possible matched
references, but also result in insufficient accounting for detailed
patient characteristics such as disease severity. The use of stepwise
fashion matching and a scoring system has been recommended to
increase the quality of matching, but this technique was used by only
seven studies in our analysis.’® Furthermore, while patient factors
such as age and sex are used in virtually all of the matching
comparison analyses, patient disease severity factors were used in
less than half of these studies.

In order to evaluate the possible effects of bias, the proportion of
successful matches should be reported as part of the results in all
studies, using a ratio of the final number of infected cases used in
analysis to the number of all original infected cases. Of the 53
studies that used matched comparisons, only 28 (52.8%) had
reported the proportion of successful matches. Given its simplicity,
we advocate the reporting of this indicator in all matched
comparison analyses. Furthermore, the use of propensity scores as
summaries of covariate information has been recommended, and
analysts should endeavor to use this method if employing the
matched comparisons approach.'®?!

The shifts in analytic methodologies for COHAI estimates over the
years have shown that analysts have started to lean towards regres-
sion analysis. More than half of the studies published post 2000 had
used matched comparisons, and there was only a marginally signif-
icant difference between studies that had accounted for LOS and

Table Il
Changes in analytical methodologies for estimating additional healthcare cost of
hospital-acquired infection (HAI) (N = 89)

Year of publication P-value
1980—1989 19901999 20002006
(N=10) (N=21) (N=58)
Analytic approaches for 0.033
estimating cost of HAI
Case review 3 (30%) 1(4.8%) 3 (5.2%)
Matched comparison 6 (60%) 15 (71.4%) 32 (55.2%)
Regression analysis 0 3 (14.3%) 20 (34.5%)
Unknown 0 1(4.8%) 2(3.4%)
Unmatched comparison 1 (10%) 1(4.8%) 1(1.7%)
Adjustment by length 0.058
of stay
Adjusted by LOS 0 (0%) 6 (28.6%) 21 (36.2%)
Not adjusted 10 (100%) 15 (71.4%) 37 (63.8%)

LOS, length of stay.
Statistical analysis conducted using Fisher's exact test.

those that did not. LOS is a highly important factor to include in
analysis, even in the matched comparisons method. In the 89 studies
in our sample, only 27 (30.3%) had included LOS as a factor in COHAI
estimation. This highlights the fact that the inclusion of time at risk
variables has yet to become sufficiently adopted among analysts.

Based on an analysis of the citation rates of the studies in our
sample using the ISI Web of Science® database, we found that
studies using the more stringent methodology of regression analysis
were not cited with a significantly higher frequency than studies
that had less stringent methodologies (data not shown). This indi-
cates the possibility that COHAI estimates with biases have been
used in downstream analyses, and may have even have influenced
decision-making by supporting inaccurate business cases.

The Society for Healthcare Epidemiology of America (SHEA) has
produced guidelines that permit the extrapolation of estimates
calculated from the published literature; we feel that this is a risky
stance, as COHAI estimates have a high degree of uniqueness based
on the particular conditions in which they were calculated.?? There
is a large degree of variation in costing scopes, unit costs per item,
clinical practice variations for HAI treatment, and costing meth-
odologies (actual costs vs RCC vs charges), and these factors have @2
a direct and substantial influence on the resulting estimates
(H. Fukuda, J. Lee, Y. Imanaka, unpublished data).

A limitation was that the dearth of detailed information con-
cerning methodological approach might be due to space limitations
set by the various journals. However, as these data are essential for
editors, reviewers and readers to evaluate the quality of the
methods used, the authors feel this information should be reported
in all COHAI estimate studies.

Greater insight is needed on the characteristics and limitations
of different COHAI estimation methodologies, as this would allow
analysts to identify and select more accurate methods, as well as
employ the correct tools for avoiding biases. More transparency in
the reporting of methodologies and limitations would provide
readers with the necessary information to evaluate the appropri-
ateness of extrapolating published COHAI estimates in their own
research. Accurate methodologies would produce COHAI estimates
of better quality, and provide better support for the decision-
making process in infection control.
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